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FT-IETS and Bosonic Function in 
High-Tc Superconductors

Motivation:

• Spectroscopy technique
• Properties of electron-boson interaction at nanoscale in 

real-space: local/delocalized ?
• For anisotropic electron-boson interaction, measure 

directly momentum transfer       and energy  
• Ideally find the anisotropic electron-boson spectral 

density 
Collaborators:
J.X. Zhu, A. Abanov(LANL)
Q. Si(Rice), Jinho Lee, Kyle 
McElroy, JC Davis(Cornell)
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Old results
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Experimental Phase Diagram
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AF – antiferromagnet 
SC – d-wave superconductor
Tcr – onset of spin fluctuations
T* – opening of pseudogap
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Inelastic tunneling 
spectroscopy in a metal 

xrcrgckxHH )0()0(
2

*
2

==++= σσ

Self-energy )(*),0()( 2 ωωω DrGg ==Σ

)],r()(),r(Im[1),r( 00 ωωω
π

ωδ GGN Σ=

)()(g ~ )r,( 000
2 Ω−ΘΩ− ωωωδ NN

For a metal
N

ω

~ 2g

0Ω

Step like feature at energy of the mode

)(ωΣ



Korea workshop, Feb 2005

Second order analysis
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Inelastic scattering induced 
satellites: Holstein effects
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Inelastic satellites to Kondo 
peak in molecular devices

Abrahams and AVB, preprintD. Natelson et al, cond-mat 0408052
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PRB, sept 2003
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Selfconsistent solution for a 
local vibrational mode

Black line - DOS

Red line- DOS derivative
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Kondo effect and spin flip 
spectroscopy in a single atom
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Single Spin Flip Spectroscopy 

E tip Kondo res(B=0)
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Single Spin Flip Spectroscopy 

E tip
Kondo res(B>0)
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Case of distributed scatterers: 
collective modes and McMillan 
Rowell inversion for STM IETS

•We will now look at the case where scattering is everywhere in a sample
e.g. phonon, spin modes in high Tc materials
• Can we see nontrivial inelastic features in IETS,              ?
•What can we say about the possible glue: 2 ( , )F qα ω
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IETS (Inelastic Electron Tunneling Spectroscopy) & Superconductivity

Giaever et al., Phys. Rev.  126 No. 3, p941,1962.

D. J. Scalapino, ch. 10, SUPERCONDUCTIVITY, ed. Parks, 1969.

Scalapino, ch. 10, SUPERCONDUCTIVITY, edited by Parks,
Marcel Dekker, 1969.

Theory: Expt.

d2 I/
dv

2

Key observable is d2I/dV2
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Remember !!!

Ω=peak(d2I/dV2)-Δ
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Previous Tunneling work

2 ( )Fα ω
But no real-space or q-space information!
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STM  modulation 

STM, Howald et al., cond-mat/0201546
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Davis et al  STM results
how we can get  k-space info
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Established connection of 
STM spectra to ARPES data

Hoffman, McElroy 
et. al., Nature, 2003

Can one make similar 
connection to Neutron 
42 meV mode?

One can see some 
boconic excitation.
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INS on BSCCO

Fong et al., Nature, ‘99

•Origin of collective mode
•5 Tc = E -energy of resonance

is a rule
•Intensity of the mode scales as

(T-Tc)^2 
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70  meV kink and e-ph 
coupling in high-Tc materials

Z.X. Shen,
A. Lanzara ‘03
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Model and formalism
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Model and formalism 
(cont’d)
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Model and formalism 
(cont’d)
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Numerical results and 
discussions
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Spectral function at M point
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Band density of states

Translationally invariant image
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Local density of states
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LDOS imaging at E=-E1
(g/Δ0=3)
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LDOS imaging at E=-E1
(Contrast)

Scattering from the local 
center produces the modulation

at Q

Novel collective mode spectroscopy ( neutron or lattice)
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M. Crommie
Charge Friedel
oscillations on Cu
surface

Fourier transform
gives 2k_F Fermi Surface
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Local DOS math and examples



Korea workshop, Feb 2005



Korea workshop, Feb 2005



Korea workshop, Feb 2005

Energy evolution of FT spectrum in the presence of B1g 
and half-stretching breathing collective modes --- 1 No filter!
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Energy evolution of FT spectrum in the presence of  B1g and
half-stretching breathing collective modes --- 2

No filter! h
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Energy evolution of FT spectrum in the presence of a local 
phonon mode

Γ point is at the corner

No filter!
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Experimental Algorithm
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Looking for features outside gap 

with maximum slope

dI/dV of Bi-2212
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Inelastic energy Ω  from d2I/dV2 map

Inelastic Channel

)()( rEr peak Δ−=Ω

d2I/dV2 of Bi-2212
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Signal to noise increase of ~30 
needed on a 256x256 grid of 

points
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Typical spectra from a map.
~0.7s per spectrum

d2I/dV2 features lost in noise

Typical spectra for resolving 
d2I/dV2 features

~2s per spectrum
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GapMap

65mV

20mV

)(rΔ

Δ

385 Å

• Gapmap is inhomogeneous

• Features in d2I/dV2 should be 
registered to the local value of 
Δ(r)

Subtracting the local Δ(r) from 
peak in d2I/dV2 is needed.
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GapMap  – Omega Map
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Results in an Ω map where
Ω = E − Δ
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GapMap  – Omega Map
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Ω is inhomogeneous and weakly correlated 
with the gapmap
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GapMap  – Omega Map
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Ω’s distribution is peaked near 55 meV and 
about 15 meV wide
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38.5 X 38.5 nm,  234 X234 pixels

)56,( meVrg −=Ω′

This is an image of the value of 
d2I/dV2 but now as a function of 
the energy of the boson 
after the disorder in            has 
been removed.
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)56,( meVrg −=Ω′ )56,( meVqg −=Ω′

(0,2π/a0)
(2π/a0)

A peak in the FT-IETS is found 
corresponding to λ ~ 5a0 along <1,0>

FT-IETS  a la Balatsky
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FT IETS energy dependence in 
BZ
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1( ) modulation, same v  vectors are seenpΩ
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Conclusion

•We propose a new technique: Fourier Transform Inelastic 
Electron Tunneling Spectroscopy( FT IETS).
• Crucial part: careful measurement of d^2I/dV^2(p,eV)
•Robust nature of IETS makes it a promising new spectroscopy
tool. See Cornell STM data. Bosonic excitattions are seen.
•Allows detection of both momentum and energy resolved 
Bosonic spectral function. 
•Possible SC glue in cuprates. Remains to be seen. Definitely  
scatters electrons.
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